Tryptophan-scanning mutagenesis in the alphaM3 transmembrane domain of the muscle-type acetylcholine receptor. A spring model revealed.
Membrane proteins constitute a large fraction of all proteins, yet very little is known about their structure and conformational transitions. A fundamental question that remains obscure is how protein domains that are in direct contact with the membrane lipids move during the conformational change of the membrane protein. Important structural and functional information of several lipid-exposed transmembrane domains of the acetylcholine receptor (AChR) and other ion channel membrane proteins have been provided by the tryptophan-scanning mutagenesis. Here, we use the tryptophan-scanning mutagenesis to monitor the conformational change of the alphaM3 domain of the muscle-type AChR. The perturbation produced by the systematic tryptophan substitution along the alphaM3 domain were characterized through two-electrode voltage clamp and 125I-labeled alpha-bungarotoxin binding. The periodicity profiles of the changes in AChR expression (closed state) and ACh EC50 (open-channel state) disclose two different helical structures; a thinner-elongated helix for the closed state and a thicker-shrunken helix for the open-channel state. The existence of two different helical structures suggest that the conformational transition of the alphaM3 domain between both states resembles a spring motion and reveals that the lipid-AChR interface plays a key role in the propagation of the conformational wave evoked by agonist binding. In addition, the present study also provides evidence about functional and structural differences between the alphaM3 domains of the Torpedo and muscle-type receptors AChR.